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‘ predictirg attrition. This paper develops a sisrle model
which e€rakles the ounskilled user to accurately r[predict
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I. INIECRICIION

) 18

GENEBAL

i This fpaper results from a Headguarters Marine Corfs
(HQNMC) request for am officer attrition model based on
econceic factors. 1te model will replace the forzer sodel
of an average of previous years! attrition. The acdel will
te used for budget and rromotion planning and will satisty
the need fcr more accrracy in these projections.

Exevious studies in this area have suggested that
econcsic factors are chiefly responsible for officer attri-
tion. The purpcse c¢f this paper was to expand on a Center
for Baval Apalysis (CHA) study [Ref. 1] and develcp a
regresesicn model vhichk is specific to each officer grade and
the <c¢csicnents withir that grade, such as aviation and
ground. The Bmodel sill produce an attriticn rate which,
wvhen arrlied to an average annual officer strength kased on
total marhcurs, sould give a frediction of attriticn fcr the
follcuing fiscal year.

E. EACKGECUWD

1. [stsrainatior of Yaziatles

In determining which independent variables to use
in develcping this mcdel, 2 great deal of thcught went into
deciding exactly vhat makes an officer leave the HMarine
Corps. A variety of ideas were discussed with cfficers
rangizg in rank froam lieutenants to generals. Studies were
alsoc made of inforzal surveys of former officers sho
returned guesticnnaires relating to their decisgicn to
resign. The results of this research narrowed chcices of

~p -9 - - O N . T Y ma "M " a” U « " n® ¢ " 0”0 %0 Ta®a® et Tata®y T AT N e '_'_"..-...-‘.c.‘.'.
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variaktles tc three categories: military pay, the eccroay,
and prcrcticn pctential. Promotion potential indices are
teing developed at this time which will give an indication
cf an officer's potential for advancement. These indices
could te used in a linary choice attrition mode¢l in the
future. Except at very lcw grade levels pay, a point of
dissatisfaction with pwpany officers, did not ccrrelate
gtrongly with apn officer's decision to 1leave the service
wvhen usee¢d as the inderendent variable in a linear regression
cn attritica. In crder to test the influvence cf cther
€conoric variables on attrition, a variety of varialkles were
develored tkat would indicate trends in economic activity.
Among them were ranacerial unesgloyment, professional tech-
nical uneésrloymert, ccasumer price index, and GNP. CTCata for
these variables wvere obtained from the Departeent of
Ccamerce and library research. A ratio of civilian to xili-
tary ray developed by the Center for Naval Analyses uas also
used [Ref. 2]). Mcst of these variakbles are gelf-
explapatcry, but [rofessional-technical uneaploysent is
identified by the Iepartment of Commerce as uneaglcyaent
among lawyers, pilcts, ccaputer specialists, teachers,
frogramsers, etc. [kef. 3].

The prisary difficulty encountered in dcing tkis
project sas obtaining sufficient data points with which to
run 8 meaningful regression. The reason for this difficulty
vas the state of the Marine Corps automated data repcrting
systes prior to 197€. During the period 1970 to 157€ the
Barine Corgs was instituting its first automated ferscnrel
reporting system. Many difficulties were encountered during
this reriod and, as a result, data fros this pericd is
extrezely unreliable. Data at the Defense MHNanpower Data
Center is rased on ipput froa HQMC and after careful study
was fcund tc have sizilar protleas. Add to this the attri-
tion [frcilems of tie Vietnas War, and the probleas in
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extending tle data base were insuraountable for the furioses
cf this farer. The Parine Corps systeam was amended in 1576
and, Lky 1577, the system vas reporting data wvith over 95
- Fercent accuracy.
The statistical softvare programming systeam used in
B tuilding the Bmodel was the SAS 1Institute's Statistical
Analysis System [Ref. 4]. Erobleas with autocorrelation
were idertified and resolved using the Hildreth-Lu froce-
dure. [Ref. 5]. Bcdel fits wvere exceptionally gccd by F
statistic and R-squared standards. The model is currently
teing used Ly HQMC tc deteramine officer losses for FY 84 and
will s€erve as the lasis for further develcpment intc an
expanded xcdel.

<. isss of the Ecdel

The predicticns frcm this model will be used in
several says. The first, which is being prepared at this
soment, is the prediction of expected manpower levels fcr PY
1984. 1Tikis is ar anpuval process in which expected attrition

- deterszines expected accessiocn reguirements and, hence,
cfficer recruiting gcals. Frca these figures the manfpower
tudget ies tilen detersined.

lhe preparaticn of prosotion zones is another use of
this s=cdel. With an accurate prediction of attriticn,
€ligitility zones car be determined well in advance thus
facilitating Marine Corps f[rlanning as vwell as officers®
perscpal planninge. Cther areas affected by this model will e
E e schccl guotas and retention bonuses, such as Aviaticn e
; Cfficer's Ccntinvaticn Pay. by
. :::;'é:
3. ¢choice of Regression "~
SR
' The primary reasons for choosing a regressicn xodel :p?@
S
in this case vere siaplicity and the sparsness of data. 3@33
. The zodel will be used by mathematically unsophisticated Eﬁjﬁ
=
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cfficers whc have little or no desire to manipulate corplex

sathesatical expressicns or tc do extensive coamputer work.

fiith a regression model, answvers are provided vhich exjiress

an eastily understood relationship between a cause and an

effect, which in this case are uneaployment and officer
. attrition rates.

Factors for an ACOl-type model were not develofed

Lecause of an intuitive error in this type model as it

applies to HMarire Ccrrs officers. The ACOL type &acdels Ry

relate +vcluntary attrition tc variations in military and Al

civilian ccupensatior. Essentially, the ACOL-tyre mcdels

say an individual will leave the military if he senses an e

erosicn in his present compensation in relation to civilian Vi

compensatior which frresages an erosion of future Lenefits

[Ref. 6]. However, Marine Officer motivation for ccntinued

service is rot based cn monetary rewards as auch as it is a

variety of other factors such as patriotiss, pride in

service, and a Dbasic satisfaction with his standard of -

living tkat is acceptable given an opportunity tc continue

. in service. The ACCL model fresumes that an officer is a A

reascnakle sman in the legal or econoaic sense, and that he

will weigh the financial benefits of military service versus

civiliar life, and whichever Lecomes more favorable will be

bis career cf choice. In this author's experience Marine

Cfficers make an exctional ccamitment to service and tend

to rexain ip service utntil they bhave reached their gocals or

bave determined that they no longer have a possibility cf
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reaching tken. This iptuitior was confirmed by regressionms Eﬁg
cf attriticn on civilian to military pay ratios which skow &sﬁ
N
little explapatory pcwer. Ln
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II. SIEUCIURE O IHE RAIA BASE

A« A1TIB1TICE DAIA

It vas pecessary to first eiaplore alternative sources of
data refcre beginning the analysis because of the frckless
gsenticned in Chapter One ccancerning the Marine Corps cffi-
cial data Lase. The Defense Manpower Data Center (LNMIC)
maintains data files cn all DCD personnel, both active and
inactive. From these files L[MDC is capable of extracting
data cn tle number of officers and their grade attritirg in
any cne year. Files cn Marine Corps officers extend Lack to
1971 and include unrestricted officers as well as limited
duty cfficers. Data submitted to DMDC by the Marine Cozfgs
were oltained from the Marine Corps personnel refrcrting
systex. The difficulties vith the data were a result cf the
reporting systea pricr to 1977. Attrition data wvere summer-
ized cn a semi-annual basis Ly HQMC and sent via tare to
LaDC. Since the rejcrting systea at this time was agrroxi-
mately six zonths ip arrears, the problems of deteraining
€xactly vhen a HMarize 1left the service were difficult to
resolve. Because of the fproklems in the HQMC data it wuas
€xpected that similar problems would occur in the DMLC data,
tut ar attexpt vas made to resolve these difficulties. By
taking an cverall list of attrition from 1971 to 1983 it was
hoped that the data could be reduced to annual attrition
data Ly suxmarizing the data by separation dates. The
results cktained fros this effort were distinctly different
from ECMC data for tle same period. Part of the difference
can ke attributed to the Defpartment of Defense (DOD) ccding
systex vwhich identifies the reasons for an individval's
attriticp and part tc the residual effects of the Vietpanm
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§ar. Purther cospounding the froblea were instances cf lcst
tapes and duplicaticn c¢f names. Differences Letveen LCL and
Barine Ccrges coding systems caused additional r[rckilems of
differentiation betwe¢en unrestricted officers and 1lisited
Cuty Cfficers. The result of these data problems was to
¢ disallov the use of attrition data from years pricr to 1977.

The data actually used vere obtained froa HQMC (Cfficer
Elans Section) and dates from Fiscal 1Year 1977 tbhrough
Fiscal Year 1983. 1¢ ensure accuracy of this data, an
intersive effort was made Ly the Officer Plams Secticn to
verify tlke data by ccsparison with data maintained indepen-
dently of the personnel system. The data are in the fcrm of
total attrition and average strength for a given fiscal
year.  The average strength is computed by using man-hours
totaled cver the year and divided by the number of days in a
year. From this infcrmation the annual attrition rates were
then coamjputed. Thesge data are listed in Table I Ly raxk,
compcrent, and year.

: E. ECCRCBIC DATA

Eccncaic data ere obtained primarily frca the
Statistical 0ffice c¢f the Departaent of Coamerce. In
particular, all unesployment information was provided by
this source. The Jata vere available in several fozams
including the raw nusker of unemgloyed and the total numker
in the wcrk category, as vell as percentages of uneagployed
in each vork category.

Upenployment data appear in a large nuaber of categcries
reflecting the enorsous variety of occupations in this
country. Frevicus studies on this subject by CNA used only
the figures for grcss unesployment of males over age 18
[Ref. 7]. Intuitively it was not reasonable that this
seasure vwould acccrately reflect attrition of Marine
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TABRLE 1
HASINE OFPFICER ATIRITION

EANK 1977 1¢78 1975 1980 1981 1982 1983

Grcund
11CCl 118 148 .137 .116 .111 .096 .094
BAJOE .086 .(€9 .093 .084 .087 .044 .06z

CAP1T «073 .(C€8 .0S2 .104 .092 .090 .076
18111 e225 4233 210 L1784 157 147 . 143
Aviation

11CC1 «135 172 .44 .121 .125 .122 .060
MAJOF «071 €79 .059 .052 .048 .034 .036
CAP1T «129 176 179 .156 .148 .091 .100
1S1L1 <067 .CE9 .069 .03¢4 .032 .025 .019
Tctal
11Cc01 <122 155 .138 .119 117 .105 .086
MAJOF .078 .(¢5 .080 .072 .072 .040 .047
CAF1T «096 .123 .124 .122 .112 .090 .092
1STLT «166 .176 147 .,123 .109 .102 .09S

Cfficers whc are [rimarily leaders, or in civilian terss,
fanagers. Those officers who do not fall in the managerial
categcry are, for the most fpart, technically oriented or
Filots. For this re¢ason the author examined certain sub-
categcries cf unesrloyment such as managerialy
admipistrative, aviation, and professional/technical. 1hese
categcries are defin€d in detail in Chapter Four below and
relate closely to the tyres of work for which Marine
Cfficers are gqualified. The ¢conoamic data showing signifi-
cant relation to Marine Cfficer attrition Lased or linear

14
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TABLE 1I
BCONORIC FACTORS

Year 1] | o EI ET1 PAY GNP CP1

1977 .028 .031 .030 .032 1.036 5.3 6.5

1§78 .0z21 .028 .026 .030 1.024 4.4 7.6

1578 .021 .021 .024 .026 1.000 2.3 11.5
1660 .024 .021 .025 .024 1.000 ~-.2 13.5
1561 .027 .C24 .C28 .025 1.050 ~-.3 10.2
1982 .036 .027 .033 .028 1.045 -.8 6.0
1S€Z .035 .036 .031 .033 1.022 N/ N/A

regressicn anmalysis are 1listed in Table II under tte vari-
able razes UN (smanacerial administrative) amd PT (prcfes-
sional techrical). 1he variables UN1 and PI1 in Talkle II
are the variables UN and PT lagged by one jyear.

FEesearck at the Pentagox library aand at the DNaval
Fostgraduate Schcol frovided additional information ¢n unem-
ploysent categories, as well as data on civilian aad gili-
tary raye. The actual data on pay used in the mcdel vas
cbtained frcm a Center for Naval Analyses study [Ref. 8].
The study, by Kathleen Utgoff, computed pay as a ratio of
civiliar and military pay indices. The indices were
computed by choosing 1980 as a base year and dividing each
year in the sample by the value for 1980. The civiliar jay
index was computed in the sameé way using 1980 as the base
year. The ratio of these two indices then showed a ccntin-
uing relaticnship betueen civilian and ailitary pay. This
data is listed under the variable name PAY in Table 1II .
fata c¢n the gross national rcduct (GNPF) and the consuamer
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Frice index (CPI) were obtaiped froa likrary rescarch as
vell. Thes¢ variable¢s are alsc defined in Chapter Pcur.
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I1I. IEIOIIIVE DEYELIORBREY OF IHE HODEL

A. IBTEEVIENS

Frocedures fclloued in developing this model were stan-
dard data aralysis methods learned at the Naval Postgraduate
School. Tbe (first step in the process wvas an intuitive
gtudy of tle probles in which the analyst detersipes from
tackgrcund informaticn vhat factors might have a 1lcgical
e€ffect cn the result he is trying to predict. Since the
purpcge cf this study was to determine what economic factcrs
sight influence officer attrition, the search for causes
tegan in this area. To acccenplish this step, a series of
interviews was held with a variety of senicr officers at
BQMC, including the officer-in-charge of the Marine Corps
Cfficer EFlans Section, the Director of Officer Career flan-
ning, apd a anusber cf assignsent moanitors. All of taese
individuals deal with officer career patterns on a daily
tasis ard all had strcng cpinions as to the reascans for
cfficer attrition. (It is isportant to note that these cffi-
cers were all near retiresent age.) Additionally, ttey
provided a variety of other insights as to the officer mind
set regarding his care¢er choices. Results from these inter-
views shcwed a general disagreement on which f[particular
econcsic factor was most isportant in influencing an cffi-
cer's decision to leave the service. None mentioned unem-
ploysent, kct most selected pay, benefits, and the eccacay
in geperal as significant factcrs in attritioa. Aside froa
thes¢ econcmic factcrs, oneé iten, the potential for
continued promotion, was mentioned by almost everyone. In
sum, thkeir feeling was that an officer's success was the
detersining factor as to whether he left the Marine Ccrgs.
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These¢ officers did feel, however, that the economy had scae Eﬁig

effect ca the timing of an officer's departure frcs the %;ii

Marine Ccrps. ROSE

. Tke author received several years' worth of guestion- %&fﬁ
paires frcsx the Carcer Plamning section which bLad been gﬁﬁi

o %

. collected 1from Lieutenmant Colonels who had recently
resigred. There vere approxisately 180 of these packages.
Reading thrcugh the cuesticanaire answers and the acccaga-
nying written narratives provided an invaluable glimpse into
the tikoughts of men sko, at the time cf writing, bhad just
sade tle decisior to leave the service. In general, there
were tuc reasons why these men left the service when tley
did. Tte first was that they felt the time was right for
then to xake the choice of continued service until they weére
either selected, or jassed over for Colonel, or resign and
Fursu€e a second care¢er. (A1l vere 20-23 year retireces.)
Their ccrcern was that staying om in the MNarime Coxrps past
age 4% wculd reduce their chances for obtaining satisfactcry
emplcyment when they eventually retired. This was Lased on

. the feeling that officers frcs the 42-45 year old age grcup
would have a significantly reduced chance of being bired by
a cospany in which they cculd continue to [frogress. lhe
second aajor factor in the cfficers' decisions was their
cpinicr that they had reached their prcmotion liait. Rith
the assusption of mirimal f[potential for promotion, their
test financial ojptior was tc apply the logic imn the frevicus
faragragh and leave tke Marine Corps.

A
Based cn the afcresentioned interviews and r[personal ﬁfziv
experiences, the author began an analysis of the officer as E§§
be mcves through his career. It vas readily apparent that ﬁ;i;
there were key fericds in which an officer was most likely N
to leave the service. These periods were based on proaction fé%@
fointe in the sexvice. Under normal circuastances, gﬁ;f
Iieutenants are proscted tc Captains in the fifth year of o
1€ RN
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consissicned service, Captains to Majors during the tenth
jear, Hajcrs to Lieutenant Colonels during the sixtecenth
year cf service, and Lieutenant Colonels to Colonels during
the tuenty-second year of service. Integrating this with
the fact that retirezent bepefits are not achieved until the
tventieth year cf tctal service yields a brief [icture of
the picmcticns in a Barine Cfficer's career. Tae fcllcwing
Faragraphs give a more detailed discussion of each rank.

licutenants normally have a four or five year initial
tera cf sgervice derending on their source of coamissicn and
compcnent (air or grcund). Essentially, no aviaticn lieu-
tenants leave the service. Tbis is because of their lcmger
initial ters of service, which causes theam to reach the
grade of Captain befcre they attrite. Aviation lieutenant
attriticz is purely a functicn of accideats, illness, and
discifplirary proltleas and, conseguently, vas not modeled.
6éround lieutenants blowever, do attrite in sigrificant
puabere as the lengtk of service reguiremeants for thes are
such less severe. Attrition in this grade is Lased cn an
individual®s analysis of his future. Presusably, the funda-
sental guestion is ore which results in a choice cf a rili-
tary or civilian life based c¢n his goals and aakitions.
Because the percepticns of the attainability of these goals
sust reascpably lessen during an economic downturn the
€concay should bave a significant effect on an officer's
decisicn tc stay or leave. If the economy is lefpressed it
is a difficult time fcr an officer to leave the security of
the szilitary, esrecially vhen there is a high probability of
éxtending bis service by one of several short ters agree-
sents. These agreesents can extend a selected officer's
service tc a more favorable feriod of time for his exit.
Additicnally, there is a ssaller chance o¢f obtaining a
regular ccasissicn wkich would extend his service until he
resigns cr is [assed over for promotion two consecutive
tines.
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Fcr Captains there is a 8such greater period of flexi-
tility given that tley are regular officers, Or I¢sS€rves
with an extemsion of gervice agreeaent. Since Captains are
fromcted at five years of comaissioned service and are
€ither passed over fcr or prosoted to Major by their elev-
enth year of service, an individual may leave the service
voluntarily at any pcint in a f[feriod of over six jyears.
Withir this period cf six years a Captain will have great
flexitility in making two key decisions. The first is
vhether c¢r not tc rezain in the Barine Corps. The seccnd is
when be will leave tle Marine Corps if he decides to resignm.
Cnce thke first is de¢cided, the timing of the seccnd vill
depend c¢n his ability to obtain satisfactory esfplcysent.
This c¢£f course will depend on the econoay as well as Lis
gkills.

Rith the rank of Major the problem is sisplerx.
Fre-LCENA (Lefense Officer Perscnnel Management Act) Hajcrs
bave a guaranteed length of service of tweanty years cosais-
sioned service. Since they are promoted during the teath
and eleventh years cf ccmmiseioned service and are eitker
[asseéd cver or selécted for Lieutenant Colonel in their
sixteenth tc tventietd years of service, they have a period
¢f six tc ten years in which to make a decisiop akcut
leaving. Fost-DOPA) Majors dc not have a guaranteed length
cf sexrvice of twenty years but there are provisions which
allow the retention <¢f these cfficers on active duty Lased
cn their skills and the findings of a special board. Since
LOPNA has cnly affected twc yjyear groups it is difficult to
gee hcw it will affect the attrition of Majors. By the time
cfficers make the rank of MNajcr most have coamitted them-
gelves fcr a twenty jear tera of service. By reaching the
tventj-year retirement point they assure themselves cf a
very satisfactory retiresent prograa.
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At the sixteentd year of service, a MNajor is first
eligikle fcr selecticr to Lieutenant Colonel. The selection
Frocess may be repeated for four years until the officer is
either fprcacted cr [rassed over and retired at twenty jears
cf service. During this later period it is very unlikely
that any Hajor will leave the service unless he has frior
enlisted service whick would belp him achieve tventy years
of service early. lieutenant Colonels probably bhave the
most flexikility of all officers. They are usually prcsoted
at siztéen years of ccamissicned service and may continuve in
service until the twenty-sixth year of service. At any
Foint after their third year in grade they =may retire
althcugh it is considered economically £foolish tc leave
tefore 1reétirement. From nineteen years of service ci,
hovever, the Lieutenant Colonel can pick his time tc leave.
Bost men at this stage of 1life would not leave unless tltey
bad a jck either already arranged or the economy was im such
a condition that obtaining a job was not difficult.

TIbe result of the above discussion is that Marine
Cfficers Bnmake their decisions to leave the service for
reascps cenerally unzelated tc the economy. The tiaming of
their de¢cision, howvever, is directly related to the eccncay
since tley diavariadbly require¢ eamployment soon after their
depacrtcre from the service. Thus a poor econcmy will reduce
the attritica of Narine officers, vhile a robust econcay
will cause attritior to increase given that there is a
substantial pool of cfficers who have made the decisicn to
leave at an) given tise.
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Iv. PITHODOLOGX AND ANALISIS

A. L2132 ADALYSIS

‘ Lata analysis for this rroject was guided by the irtui-
tive analysis of the frobles given in the previous chafter.
The apalysis pointed this research toward a particular set
of varialles which were then examined by the author with
the interticn of determining relationships between thex and
cfficer attrition.

1. Scatter rlot apalysis

The next ster in this process was to verify the
intuitive relaticnshirs between the prospective independent
and derendert variables by visual inspection. This was dcne
using scatter plcts cf the data. A scatter plot is a simfle

o Flotting of twvo-dimensional data on (x,y) coordinates using
a specified scale. 1Ip this case, attrition data vas plctted
cn the j cocrdinate versus a variety of ecomomic data on the

’ X cocrdinate. The resulting set of points should shou scae

} type cf a pattern if there is a relationship between the two

variakles. The patterns ccoculd have a variety of shafpes Lut
in the case of this data they aost likely will be linear in

{ fora. If they are linear then the hypothesized cause and

) effect relationship is easy to okserve between the twc vari-

ables. 1he actual plcts were constructed using IBM's exper-
imental ¢raghics software, Grafst3, in the NPS graghics

I00B. Specific functions used were the Scatter Plot

Analysis for the scatter flots and General Plot for the

i linear ccagparisons.

; Scatter plots were runm on officer attritiorn versus

i the eccncsic variables defined in Chapter II as well as the

P XA
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rates of cbange of the-: versus the rates of change of
cfficexr attrition. The aost significant relaticoships
cccurred letveen the various foras of wunemployment and
cfficer attrition. Also notable was variation in these
relaticnshifrs vith 1respect tc officer grade and cospcnent.
In ccrjurction with the scatter rlots the econoamic factcrs
and the attrition 1ates wvere also plotted on one scale
versue €ach year since 1977. This alloved a direct ccagar-
ison letween the twc factors and served to further illes-
trate the relaticnshir. PFigure 4.1 contains a saaple of tae
graphs fcr lieutenant Colonel, Grouand. Note that a least
gquares regression line has been included in the scatter to
eaphasize fossille relationshirs. Only the variakles
finally chcsen for tke model wvere displayed on the flots.
The zemainder of tle plots for the chosen varialles are
displayed in Appendix A. After comparing the regression
fits fcr all variables, I decided to use the variakles UN
and UN1 in zy regression eguations. Additionally tbe vari-
able ET1 was lost due to its redefinition by the Derartmeat
cf Ccxmexce in 1983,

Most of these plcts show a strong correlation
tetween unexploysent in general and Marinme Officer attri-
tion. 1he correlaticn between aviaticn officer attrition
and unesployment, however, was much weaker. 7This was caused
Ly the initiaticn of Aviation Officer Continuation Pay in
1981 whick gives a large bonus of as much as $6,000 fer year
for £ix jears to aviation officers electing to continue in
gervice. The fprogram applied to all ranks provided the
individual met certain active duty in flight status regquire-
sents. This action Lky DOD has had its desired effect, amnd
almost 500 officers, are continuing in service (including
fifty lieutenant Colcnels who otherwise would not). This
accounts, in part, for the dramatic reduction in attrition
rates fcr aviaticn licutenant Colonels in 1983 and fcr avia-
tion Bajcrs and Captains in 1962 and 1983.
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LTCOL ATTRITION

SCATTERSLQT: LTCOL(GND) ATTRITION VS M/A UNEMPLOYMENT

o

0.12 0.1¢
Y Y
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) 4
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2 4 'l 4 A 'l 3

0.020 0024 0.028 0032 0036
MANAGERIAL /ADMINISTRATIVE UNEMPLOYMENT

LTCOL(GND) ATTRITION AND M/A UNEMPLOYMENT VS YEAR
°

ATTRITION UNEMPLOYMENT

; -
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L
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. A 1 4 ' .
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Figure 4.1 Lieutenant Colonel Groaund.
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A second difficulty vas the inability to distino-
guish ketween voluntarily separated officers, and those who
separated ktecause of their ipability to oktain one of the
linited rnuster of service extensions. This difficulty was

gost arrarent in the Grcund and Total categories of
lieutenants. Becavuse of the great numbers of officers
leaving tke service in this grade, the effect of the unem-
Floyment cycle op attrition is auted and, thus, is act as
apparent as in other ranks. Aviation lieutenants were¢ not
included in the model because an aralysis of the data
disclcsed tikat few (atout nineteea per year) ever attrited,
and those who did ere serarated as the result c¢f ccurts
martials cr for medical reasons. Based on the abeve rlct,
and otbers not shown, the variables described belovw were
selected for further evaluation.

Z. lescription <f Yariaklss

a. Managerial/Adainistrative Uneaployment (UN)

This is managerial and administrative uresplcy-
ment and as the pame imrlies, includes executives, managers,
and adsipistrators. From this variable, two other lagged
variakles vwere created and named UN1 and UN2 (only UN1 is
displajed in Table 11). The number indicates that variakle
U8 has Leen lagged cre or two jears respectively.

. Professicral Technical Unemployment (PT)

This category of unemployment includes lawyers,
teachers, computer srecialists, airline mechanics, and
Filots. It is also ccaputed by the Department of Comserce
and is lagged by one and tvo years in the variables PTI1 and
ET2 (cnly F11 is displayed in Table II). This varialkle wvas
very sigpificant in the first runs of Captain, Grcund and
Total. The Departmert of Ccmmerce, however, has radically
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altered this category of unemplcyment Lased cn the results
of the 1980 census to the [fcint where it is no 1lcnger
consistent with the jears prior to 1983 and thercfore is
unusatle in this predictive xcdel.

C. Military/Civilian pay ratio (PAY)

This variable is the ratio of civiliar to =zili-
tary pay descrikted ir Chapter Three. Its purpose is to
display the changin¢ relaticnship between amilitary and
civiliap fay through the years. It was also lagged ore and
tvo years in tbe variables FAY1 and PAY2 (only EAY?1 is
displayed in Table I1).

d. Gross Unesployment (GUN)

This is uremployment of males 18 and over. It
covers all industries and is cpre of the rates commonly seen
in the nevsraper:.

3. Excaoticpn Rotsaptial

Frox the discussions with senior officers mentioned
in Chapter Ihree, it became apparent that promoticn fcten-
tial was thcught to ke a major factor in determining whether
cr nct an cfficer ill remain in the Marine Corgs. For
example if an officer thought he was promotable to Major and
lieutenart Colonel lien he was a Captain there would ke a
strong likelihood that he would remain in the service. 1Tiis
is true for lieutenants, Majores, and Lieutenant Colonels as
vell. A bigh promotion potential may be indicative of a
persca's satisfaction with the service. At the same tise,
not havirg the rossikility for more respomnsibility Lecacse
cf lcw [rromotionm potential will cause an officer tc leave
the service. Thus frcmoticn foteantial and other factcrs of
retenticr may be related. The only difficulty was that
there were no relialtle methcds of gquantifying this factor,
and thus prcmoticn pctential was not used in this mcdel.
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E. EANSIC BEIGRESSIOB BODEL

Tite thecry of regression must be understood before the
evaluaticn cf the results can begin. The purpose of regres-
gion is to validate a theoretical relationship Letween a
given fact and a piece or f[fieces of information on which it
J ' say ke derendent. “"Bunning a linear regression® is the
procedure Lty vhich tite coefficients to the variables in the
expressicn uill le oltained:

Y(i)= a ¢+ EX(i).

This estaklishes the linear relation between the X and ¥
variakles. Assuapticons made in determining this mcdel are:

(1) 1here exists a population of Y values for each X;
the populaticr randcs variable corzesponding to
(i) is 1(i).

(2) E(X(i))= a ¢ LkX(i) for each X(i) (i.e., the value
cf Y that is expected for each X (i) is given Ly
the expressicn a ¢+ LX(i)).

(3) var(Y(i)) = sigma sgquared for each X(i).

(4) 1be errors of cbservation (residuals) are uncor-
related and ncrmally distributed [Ref. 9]).

C. EIEBEDIS OF THE SAS OUTEUT

Tc acccaplist the analysie of these variables the SAS
Institute's regressicr analysis prograas wvere used. Figure
4.2 is ar example of the output from one of these prograas.
1hey rrovide accurateé output with a wide variety c¢f func-
tions. SAS's ease of use and availability wvere frise
factcrs in its cloice for the regression analysis.
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Figure 4.3 is an exaxple of the SAS progras used tc prcduce
the regressions.

In revieving the results of the SAS output a variety of
teras ¥ill le used tc describe the model and its fit tc the
data as sell as its akility tc predict the future rased on

. estimates of the inderendent variable. A brief descrifption
cf these terms follcss.

1. [ ¥3lue

A statistic used to test for a linear relation

tetween the independent and dependent variables of the
regressicn eguation. If the linear relationship is strcng
ve exject that this value, a ratio of explained tc unex-
plained variances, tc be large.

? = 8> (x1-%)2

SE2

p a =(X1-%) (Yi-¥)
=(x12-3)2

S (vi-91)2
SE= n-2

is sisply the square root c¢f the unexplained variance. As
used in SAS the P statistic amceasures the explanatcry fpower
that a variable contributes tc the model. In dcirg 0 it
tests the rull hypctheses that there is no correlation
Letween the variables. If the value of the F statistic is
higher thar the critical valve, vhich is deterained Dy
degrees cf freedom and confidence 1level, then the null
hypotkeésis rejected. If it is 1lower, then the aull
hypothesis cannot be rejected. In general, higb F values
indicate a stropg ccirelation and lov values show a weak
correlaticn [Ref. 10 .
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2. J-SSUALS

Ihis statistic is used to examine the linear rela-
tionabir be¢tween the variables of a regressica. A perfect
relaticnshiy vould result in a2 value of 1, vhile pc rela-
tionshif wculd produce a value of 0. This statistic can be
interjreted as a percent of total variation of the dependent
variakle tiat is Jd¢fined Lty the inderendent variatle.
Jorsally in tise series data with large saaples, R-sguare
values cf .90 or mor¢ are coaaca.

(21-1)2
R-gquares= —-—?%E%TI_
n-.1
shere Y is the value ¢f Y(i) estimated froam the regression
eguatica. [Bef. 11].

3. f-fest

1his is a test of the bypothesis that the regression
coefticients egual 2zexo. The statistic used for this test
is the t-statistic:

~N
t. L
Sp
vhere: b is the estimated coefficient and

= [S(x1-X)2

If t is greater than the critical value for the test, then
the ccefficient  is non-zero. If t is less than the crit-
ical valuve, then the coefficient eguals zero, and the null
hypottesis that the coefficient bas no significance is
accepted (Mote that fcr this single variable case t-sguare
equals F) [Eef. 12].

31

P S T A S T
N

. . -
'.I..-P\.l

o T N e T T e n s m L N N A

l-d."‘.l
. .0~
ALRLRT
. ol
s "o Na” "eT
l’_ﬂ:

YNV

_ _,

..;c'f.::-.:‘-,
PALA R FLA)
= Y

’.

]
-
K

e %o s o
. .
et A
. . et 1)
RTINS
- . e L]




YA YD AN I A FNAIAASANCT PRt N i A PN St T, Hol X 20 Vol - T & Ul i " IR LS e a4 b s pve TR Y n---u.

4. Cosefficient <f Yariaticy

This is the ratio of Standard Brror (SE) to the mean
cf the sample Y's: '

SE
y

Cvs X 100

Mthcugh the reliability of this exrression is sulject to
the ccntext of its use, values of CV are expected to Le as
snall as .10 to .20 [Bef. 13].

5. kxedicticm Isterval S

Rt

[ 2o/

1his is an exjression of confidence that a predicted S

value will ke vithin a pair of values. Thus it can le gaid, §§3‘
for ezample, that the attrition rate for 1984 will be within -
«12 apd .13 with 95 pexcent confidence [Ref. 14]. g?ﬁﬁ
R

6. Jutccorzslaticn Q;,

W

Lependence cf the value of one variable can the Rt

values of the same variables preceding it in time. For @ﬁjg
exangple, the derendeénce of 1984 unemployment on 1983 uneam- ﬁ&gg
Floyment wculd be first order autocorrelation. The degree L%

cf autoccrrelaticn is seasurxed by the autocorrelaticam coef-
ficient rhc, p. If p=0 there is no autocorrelatica. For
positive cr negative autocorrelation the values of p are
positive or negative. In this paper the term serial ccrre-
laticn is used ipterchangeably with autocorrelation
[Ref. 15,

7. [Luziin-Hatsop Iest

1This test 1casures the degree autocorrelatica.
Compariscn with tables will ipdicate whether the statistic
is significant or nct. Values of 2.00 indicate nc serial
correlation. Fcr puzrposes of this paper, existing tables
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bhad tc le extended ky linear extrapolation to cover saall éﬁfﬁ

sanple sizes. The resulting tests are as follovs: 2

. For negative autccorzelation: ggkf
QX%

Hc: ¥No negative autocorrelation Fgff:

. Reject if DW < 4-d1
Accept if du < DW <€ 4-du TG

Inccnclusive if 4-du < DV < §-41 g&gs

g

Yor T

For pceitive autccorrelation: §§§‘

-

Hc: Bo fpositive auto correlation ——

Tt

Reject if DW < 4l ﬁ%ﬁf

Accept if D¥ > du PR

'l
.'.%
i ,Av

Inccnclusive if 41 < DW < du

Values cf du and 41 for this problem are 1.28 and .92
respectively [Ref. 16_.

L. EFFECIS OF SANPLE SIZE CN SEEGRESSIO}N

Ag previously amentioned, in the comstruction of this
sodel there were two significant problem areas. Beth prcb-
lens aiz¢ a result of the lack cf data points. In fperfcraing
linear regression, tie larger the sample size the greater is
the pcssikility that the relaticamship indicated by the model
is a statistically valid one. An R-sgquare of .90 with cne
thousand data points is far more 1likely to be a valid model
than a gxodé¢l with the same BA~sguare and only seven data
Foints. In a time series model, for instance, a relaticaship
that fits tle data well over fifty years is far more likely
to be valid than one that f£its over ten years. Thus, this
sodel with caly sever data points has obvious guesticns of
validity which only additional data wvill be akle toc ccntirxa.

Ihe seccnd conseguence cof the small sample sizes is the
restriction that =sust be rlaced on introducing additioral

.I

-'.
B

o
&

e

&

A
'}L’i’\
199 &

w

a0
rLLT,
A A

7,70,
f::(.‘f
Ll

4GS

N re
N Y
«.’ NP
. - .. : AN (N
At - TN S w y . e R c - o, R R I L R IR I IR A 7 .y g™
NS S BN T L N A N T A A O S e e N




A .L_'.\_'.‘._! ™ [N A A,

variakles to the model. It is unlikely that the variakle UN
explains all ot tite variation in the attrition rate.
Intuitively, there must be other factors. Unfortunately,
vith 8 ssall sasple size, there is a tendency fcr sodel
statistics such as the F value and R-sguare to iafrove

. serely ty the additicr of a variable or two without thcse
variatles also bavipg a significant effect on the model's
descripticn of reality. For instance, R-square wvill

increase tc one if six variables are added to a model with a
sanple size of six. 1his is a result of the method Ly which
E-square is calculated. Thus to ensure that an accurate
model is prcduced, tihe nuaker of independent variakles has
teen lisited to cne, despite the fact that there are cttler
varialtles that have significance both intuitively and
statistically aad, in general, the amodel is isrroved by
adding tlesm.

E« LCIFFICUITIES WIIE AUTOCCBRREIATION

1be prcklem of autocorrelation was encountered in fcur
of the acdels. This is ncrsal in time series data anpd in
large data sets there are standard procedures that attempt
to resove the autoccrrelatica. In the case of small data
sets, hcwever, the frocedures are sometimes not effective
and produce results which are subject to guestion. The
fresence cf autocorrelation does nothing to hamper the
sodel's predictive ccnsistency, but it does cause the esti-
sate cf standard errcr to be riased [Ref. 17]. The gcal of
any fprocedure intended to ccecrrect autocorrelaticr is to
produce residuals wkich are uncorrelated and thus satisfy
the inderendence assusftion of least sguares linear regres-
sion. The results cf these aodels with their evaluatcry
statistics are shown lelow in Table III.
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Tke frocedure used involved estimating the serial ccrre-
Jatica ccefficiert wusing the Hildreth-lu procedure. The
Bildreth-lu procedure is a grid search method of deterzining
the ofptisal serial ccrrelatica coefficieat by coapruting the
sum cf squared residvals for a series of possible values of
. the gerial correlaticn coefficieat. Values of the grid

range frca 1.0 to -1.C in gradations of .1, including zero.
The ofptinal value of the correlationm coefficient is ther the
che that froduces tle ainisum value of the residual sgua of
squares resulting frca the regression using the general
differencirg procedcre (see¢ Lelow) for each correlation
coefficicnt. The oftimal value of the correlaticn coeffi-
cient tc the one-hundredths rlace wvas then deterained by a
second grid search covering an egual distance to either side
cf the iritial pcint. After deteraining the optisal esti-
sate of the serial correlation coefficient, the general
differencing procedcre [Ref. 18] was used to apply this
facter tc the regressicn model in the fora:

Y¢ = Bo(1-F)-B1(Xt*)

shere:
' ¢ = It - p(Yt-1)
X* = Xt - p(Xt-1)

and F = serial correlation ccefficient
Xt-1 = previous year's uneaployment
It = follow-on jear's uneéaployaent
Y* = attritioa rate prediction for follcw-on year

Tke results of this [procedure are discussed inp the
following section and are presented with their statistics in
Table 11I. Cosparisons of the eguations arrived at by
general differencing versus the original eguations are fouand
in Afgpendiz Bb. Iz three of the fcur cases the szodel
+roduced by the genezal differencing was supericr to the

......... --, * - . IS8 oot - Wl Yad - = y "rz(‘
SR IAGIN AR 204 AR, N, ot G RGN R AN,
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criginal scdel both in the Durbin-Watson statistic as well
as in the other seasvies of a model's validity (it is rnoted
that after general differencing the normal distribution
theoxry fcr linear models no lcnger holds).

F. VERIFICATION OF EEGRESSICN ASSUNPTIONS

After each mcdel was selected, the residuals were exam—
ined fcr ncrmality ard independence. Despite the fact that
these or any procedures are relatively inaccurate fcr small
sanple¢ £izes, normal [flots were used together with the
Shagpirc-uilk statistic to verify normality. The results of
these tests gemerally indicated normality. Those results
(3) that were incorclusive or veak involved the mcdels on
which gereral differencing was used. The use of this froce-
dure caused the loss cf one pore data point and thus the
probakle weakening of the tests. Constant variance of the
residuals vas established by the examination of plecte cf the
residuales against tle estimated attrition and the indepen-
dent variable, while independence was established by the use
cf the DN statistic ard graghical methods.

G. HBCDEILI VARIABLES ANL COEBFFICIENTS

Takle 1V is a takular presertation of each model's inde-
rendent variable vitk it's ccefficieats. Where a value for
Bho ajpears in the right hand columan general differencing
was used tc achieve the final model. The statistical
guality cf each model is discussed in detail below.

Be AFELICATION OF SIATISIICAL IESTS TO THE HODEL

Tbe fcllowing is a grade-ky-grade analysis of the model
tase¢d on the test statistice provided by the SAS output.
The fcllcwing discussion will refer to Table V concerning
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TABLE II1
RESULTS OF GENERAL DIFFERENCING PROCEDURE

Rack v%r ] E ta tb DW cy
/conp (1) (2) (3) (4) (5) (6) (7)
Mador
Grcund un 7 130 23.4 -=-11.4 2.78 .04
Majecr
| Aviaticn un «73 10.9 6.0 -3.3 2.33 .27
f Carptain
| Ictal un «$59 281 45.3 -16.8 2.96 .0z
Lieutenart

¢round un «£3 4.5 5.7 -2.1 1.70 .3z

(1) 17re indegendent variable used in the regressicn.
(2z) B-sguared value

(3) F statistic

(4)-(5) t statistic for coefficients a and b

(6) TLurkin-Watson statistic

(7) Coefficient cf Vvariance

the statistical tests of the model. The results c¢f the
compariscn c¢f the¢ general differencing model and the crig-
inal model are included in Table V. Columns are identified
and explained bereath the table.
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TABLE IV
HODEL VARIABLES AND COEPPICIENTS
- Eark/ccxp Variable a-coeff b-coeff Rho
)4 TP L
Aviaticn uN .238 -4.078 - 1
Grcund oN . 199 -3.000 - i
Tctal uN .2C8 -3.194 - :
Majcr , ;ib
Aviation uN . 649 -1.784 .49 i
Grcund uN . 251 -2.677 -.67 n
Tctal uN . 140 -2.637 - E—:
- Cajtain N
- Aviation uN . 294 -5.625 - e
- Grcund oN1 . 133 -1.678 - ?;ﬁ
. Tctal oN . 136 -2.394 .23 :
Lieutenant I
Gzcund uN €557  -2.382 .72 s
4

1. 1lisutepapt Cclcpels

a. Aviation.

5% B B s

The aviation model for Lieutenant Colorel sas é%%
negatively affected Ly the unpatural retenticn of cfficers ﬁg&
in tbis grade resulting from the enactment of Aviaticn ﬁfk
: Cfficers Ccantinuatior pay. The attrition rate of aviation ;3?
. ‘ lieutenant Colonels dropped more than fifty percent frcr the &{;
. year lefcre. With tle modification of this value to reflect ﬁi;

the alsence of those cfficers electing the continuatican pay, e

|
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TABLE V -
STATISTICAL ANALISIS OF THE NODEL o
4
var F ta tb DR CY e
. Ratkscesp (1)  (2) ) @ (3) (&) (7 e
rteel -
Aviaticn UN .54 5.8 5.0 -2.4  2.06 .2C RN
Grcund U .€6 30 13 -5.5 1.75 .C7 i
Tctal U8 .78 18 10 =-4.2  2.06 .0S o3
Majcr @?
Aviation UN .73 11 6.0 =3.3 2.33 .27
Grcund UN «S7 131 23 -11 2.78 .04
Tctal ON -E8 36 1 -6.0 1.39 .1C
Cagtain '
Aviation ON S8 302 33 -17 2.00 .03 :
Grcund  OUN1 .76 16 12 -4.0 2.31 .06
Tctal oN -€8 36 16 -6.0 .9C .0% 3
Lieutenant -
Grcund  UN .56 6.2 6.0 =2.5 .65 .15 =
IO X
(1) 1The independert variakle used in the regressicn. iéi
(2) BE-squared value PAEN
- (3) F statistic DS
?? (4)=-(5) t statistic for ccefficients a and b Eﬁﬁ
E' (6) TLurlin-Watsor statistic ¥$
g (1) Cocefficient cf Variance '»-
- §§
-
7 ¥
3 . M
who ctierwvise would bave attrited, the model would isgrcve vt
immensely. Unfortunately these officers are impcssilkle to .tg

. "'a (-‘c‘:h LT

identify. As acre Jdata is developed the inclusion of a fay
variakle in this model nmay increase its efficiercy. An
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additicral consideration in explaining the drop in attrition ﬁiﬁ?
is the sisfle fact that Lieutenmant Colonels are the rank el
grougr mcst severely affected by a poor economy if they leave hi?i
the service. This is because the typical lieutenant Colonel Eg%
is married with two college-age children and a 1large hcme F%§§
mortgage. 1The model is significant at the .93 level and the £
Lurbin-Watson statistic of 2.06 indicates that there is no R
serial ccrrelaticn [fresent in the residuals since 2.06 > o
4-dl and 2.06>du for negative and positive serial correla- e

tion, respectively.
k. Ground.

As can e seen in the takle, the =statistics
e€valuatirg this sodel indicate that it is an accurate sodel
despite the paucity cf data. The model is significant at
the .S9 level as are the a and b coefficients. The coeffi-
cient of variation is less than .1 and the Durtin-Watson
statistic irdicates tkat there is no significant autoccrre-
laticn present.

5
Ce TO ta 10 ::;; :':-.
N4

This model is a ccmposite of aviation and ground it
compcnents and the statistics react accordingly. A1ll wcresen R
€xcept tke Durbin-Watson statistic wvhich at 2.06 indicates KN
no significant serial correlation. 2

2. BEajecr

PRS
a. Aviation. PON
3¢
The same¢ difficulties encountered in acdeling (O

aviaticn Lieutenant Colonels were encountered with Majcrs. .
Again, a large prcrcrtion of MHMajors who would norsally %Ei
’-.\.-‘ “es
attrite accepted Aviation Cfficer Continuation Pay (A0CP) Eﬁgt
and did rot leave the service in 1982 and 19€3. Qﬂﬁ;
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Additicrally, Bajore who reached retirement eligikility
tecauvse cf rrior enlisted service chose to wait until their
sandatcry retiresent [roint at tventy years cf comaissioned
service Lecause of the poor state of the econonmy. The F
statistic is significant at the .95 1level as are the t
statistics for both ccefficients. The coefficient of varia-
tion 4is fairly good at .21 ccmpared to the .10 tc .20
norsally desired. This value is consisteat with the
B-square of .60. In this case a pay variable that tcck into
consideraticn the effect of AOCP might be a valid seccnd
inderendent variable to be included as the size of the data
set increases. The Lurbin-Watson test indicates that there
is [pcesitive serial correlaticn present in the residuals.
The genceral differencing prccedure was used on this amcdel,
and the result vas a sodel which was vastly superior statis-
tically with no serial correlation.

t. Ground.

The relation between ground Major attritiocr and
uvneafploysent is cuite strong with an R-square of .82 and a
coefficient of variation of .11, Both the a and Lk coeffi-
cients are significart at the .99 level and the F statistic
at 2.9 is also esignificant at the .99 level. The
Lurbin-Watscn test is inccnclusive suggesting that the
correlaticn of the errors is due to the autocorrelatica of
the icdependent variakle and not the correlation of residual
teras. The result cf using general differencing on this
sodel wag tc greatly improve its evaluatory statistics. 1The
LW statistic, bovever, only iaproved froa 2.89 to 2.78.
This sas enocugh, hcwever, tc accept the hypothesis c¢f no
negative cr positive serial correlation in the aodel.
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c. Total.

This model is Lketter than its individual avia-
tion and grcund coapcrents. 1Its BR-square is high at .8€ and
the F and t values fcxr both ccefficients are significart at
the .99 level. With a Durbin-Watson value of 1.39, the null
hypothesis ¢£ no serial correlation is not rejected. Also
meeting accertable standards is the low value of CV at .10.

Se Cartain
d. Aviation.

Although attrition rates dropped Ly alscst forty
Fercent in 1982 and 1583 from 1981, the model still fits the
data extremely well since tle reduction in attriticn due to
AOCP cccurred at the same time as the last rise in unexgloy-
sent rates. A check of Table V shows that all statistics
are significant at the .99 level and the Durbin-Watson
statistic is 2.00, indicating the absence of serial
correlaticn.

t. Ground.

The R-sguare for ground captains indicates a
relatively good fit cf the data. The F statistic is signif-
icant at the .99 1level as are the t statistics for each
coefficient. The ccefficient of variation is excerticnally
good at .06. The Durbin-Watecn statistic of 2.50 indicates
the akserce of significant serial correlation since du <
2.50 < 4-4du.

c. Total.

Based on the relevant statistics the criginal
sodel vas effective excert that the Durbin-Watson statistic
cf .SC is slightly less then the 4l of .92 indicating the
fossitle presence of positive serial correlation. The DW
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statistic resulting from the general differencing was incco-
clusive as to the presence of positive or negative serial
correlation althcugh the model itself was vastly isproved
cver the original.

4. lisutepapts

As described in previcus chapters, this grade is
difficult tc model =ince only a liamited number of officers
are allcsied to remain in service. Thus, effects due to
unemplcysent are masked by the 1large onumber of cfficers
attriting simply because there is no requirement fcr thea in
the Marire Corps. Ccrrespcndingly, this model is poor in
its ezxplapation of the variance of the data measured by :
E-square. The F statistic was significant at the .S4 level i
as was the t statistic for the beta coefficient while the

s Nia tee

R

alpha coefficient wvas significant to the .99 level. These A
statistics were alsc subject to gquestion because of the ﬁ&g
preserce c¢f positive serial correlation indicated by Bt
Curbip-Watscn statistic of .70. General Jdiffereancing -

froduced a slightly worse model with a lower R-square and Eﬂ%
less sigrificant F ard t statistics (.90 1level). Serial 33§

correlaticn, however, was eliminated as evidenced by the DW
statistic value of 1.70.
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d. BCLEl1l CCHPARISOXS
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. Erevicue efforts ky Headgquarters Marine Corps (HCMC) bad
used an averaging prccess to ccapute officer attriticn esti-
xates peeded for plapning purposes in the following jyear.
The results of this [frocess, vwhich vas merely a sus of
Frevicus six years cf attrition divided by six, vas then
nodified wup or down dependirg on the intuition cf the
respcpsitle officer 1r1egarding trends in officer reteatica.
For example, a severe recession might result in the total
kteing reduced by an arbitrary rercentage if the resgoneitle
cfficer was of the opinion that econoaic factors would slow
down attrition.

As can te isagiped, this method wvas inaccurate in the
gense that it wculd 1lag the current rate because of the
deperdence cn previots years' rates. Additionally it would
not ke able to predict the critical turning points in the
trend cf officer attrition as well as not being able to
indicate extremes. lable VI presents a compariscn c¢f the
averaging sethod witk the results of the 1linear regression
sodels developed in this research for the year FY 1983 and
FY 19E&4. The third coluan contains the actual attrition
figuree for 1983. The fourth and fifth columns show the
Fercent errcr fcr tle average and 1983 reyressicn model's
predicticns for 1983 respectively. The sixth colusn gives
the 19884 regressior model rredictions for 1984. The
disparity lLetween tle averaging method and what actually -
bappered in 1983 is a result of trends in attriticn which
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averagin¢ camnot r[redict. These trends are caused Ly a Eﬁﬁ%
variety c¢f factors such as the econoay, military fay, and 'ﬁiE:
N

silitazy pclicies such as £1ight bonuses.
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TABLE VI
COMPASISON CFP NODEL RESULTS
nask  Bffaoa “SEIES acean ® BT T EET Cighett
1989  Reedin 29583 889 839 4885t:

11CC1 m 152 127 39.4 19.7 182
BAJCSH 186 149 146 27.4 2.1 164
CAEl 452 377 392 15.3 -3.8 407
181 11 £25 416 396 32.6 5.1 425 (3)
(1) Uses actual value for UM {.035) in 1983. Both tbhe

1563 and 1983 xodels use 1982 average strength.
(z) Assumes UN=.033 and updated coefficients for 1983.
(3) Inclydes average annual aviation Lieutenant

attrition of 20 per year.

Tbe ccaplete attrition model is presented in table 1V of
Chagpter Fcur and is in the form of eleven regressicn rela-
tions and includes tle nmodifications resulting froam general
differencing. The equations wvere maintained in this fcra
for sisplicity of use Ly HQMNC.

E.

ERELICTION IBTERVALS

Frediction intervals provide a zone of confidence within
wvhich it can be claimed that a result will 1lie with 95
fercent [prchability [Ref. 19)]. Predicticn intervals
shown graghically by the sclid lines on either
straight regression line.
lieutenart Colonel
able UN.
Appendix E.

are
side cf the
The graph shcwn is fcr Total
attrition versus the uneaployment vari-
All cther predicticn interval graphs agpear in
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SCATTEROLOT: LTCOL(GND) ATTRITION VS M/A UNEMPLOYMENT
-

- r
(-]

b

012 0
L4

LICOL ATTRITION

010

0020 . 002¢ 0020 0032 0036
MANAGERIAL/ADMINISTRATIVE UNEMPLOYMENT

Pigure S.1 Prediction Intervals.

Co. SENSIIIVITY ANALISIS

Sensitivity analysis is the procedure by which tke zxodel
is tested tc determine its reaction to various input values.
Jable V11 reflects tie general trend of the economy for 1584
with sost «c¢f the values fcr uneaployment (UN) decreasing
froa 158:'s .035. Also shown in the first two ccluans are
the results for 1984 if uneaployment increases. The xodel
attriticr rates are relatively insensitive to change as a
«001 change in Uremgloyment produces only five ncre
lieutenant Colonel attritiors. Likevise a change froa .035
to .C32 in uneaploysent results in an additional fcurteen
attriticrs. (This dJdata was calculated by multiplying 1584

estimated lieutenant Colonel etrength by the change in the N

attriticr rate.) 7Tbis is mcre significant and represents an 5&5

€leveén percent increase fros FY 1983. ;ﬁgs
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TARLE Vi1
SENSITIVITY ABALISIS OF 1984 NODEL
Possjble Va 8 of UN for 1984 ﬁ?ﬁ
Razk/Ccer .037 .836 .%gg <034 «033 <032 PN

Ictal

Itccl «0897 .C929 .0961 .0993 .1025 .1057
Najor «0828 .C451 .0477 .0504 .0530 .0556
Cart «0852 .C910 .0929 .0947 .0966 .0984
Grcund

Itccl -08E0 .C910 .0940 .0970 .1000 .1030
Hajor <0440 .C485 .0530 .0575 .0619 .0664

Cagt ,—mmeeccccceeee=, 0731 (1) -~ -
1t «1384 .1391 .1397 .04 .1410 .1417
Aviation

ltccl «0836 .C880 .0924 .0967 .1011 .105%
Major «0332 .C341 .0350 .0359 .0368 .0377
Capt .0880 .C910 .0S40 .0970 .1000 .1030

variab ) thele is only one lue

(1) Sinfe i:;sgﬁz‘gsggnd defends on_the lagged
[redicted for 1984.

L. CCINCIUSION

Based cn the results enumerated in the foregcing fara-
graphes it can be ccancluded that economic factors were
gignificant variables in the attrition of Marine Cfficers
during tke reriod 1$77 to 1983. The economic factcr acst

important in deterzining attrition is unesployment. A —
second significant factor may ke pay. As more attrition };tk
¢ata is ccaspiled these conclusions may well be strengthened ﬁ;ﬁf
if, as predicted, the econcmy continues to strengthen, and :ﬁiT
A
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initial repcrts cf increased officer attriticn coatinues to
bold true through the remainder of FY 1984. These trends
can alsc le affected by saragement policy such as the
authcrizaticn of bonus paysents as in the case of AOCE for
Marine Aviators. Az explained in Chapter Four, ACCP, in
conjunction with a «crippled econoay, bad a sigpificant
€ffect cr aviation attrition, reduciang the totals by alacst
forty fpercent. An attempt was made to develor guarterly
sodels apd ty this sethod have more data points available,
kut the pmodels had little correlation with officer attri-
tion. This was intuitively understandable since officer
attritior will almost always cccur around the suaser acnths
for a variety of perscnal factors. This is not a result of
unengploysent but siaply a function of whean school vacaticas
tegin and cEficers are normally commissicned.
Eecomsendations for further study ceanter arcund proamction
potential ccupled with unemployment as a significant indi-
cator cf an officer's intenticns at the breakpoints of his
caree€r in a binary chcice madel.
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AREENRIX 3
. SCATTER P1CIS AND CCHPARISON DIAGRAMS

Ike fcllowing grarhs are the scatter plots and cospar-
ison diacrazxs for all rank/ccmfonents included in the mcdel.
Bany cther fplots of these tyges were done for all of the
variatles ccnsidered tc include rates of change of the vari-
akle Ltut are not included because of the lack of sface.
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SCATTERPLOYT: LTCOL(TOT) ATTRITION VS M/A UNEMPLOYMENT
°
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. Figure A.1 Total lieutenant Colonels.
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MAJOR(TOT) ATTRITION VS M/A UNEMPLOYMENT

SCATTERPLOT

MAJOR(TOT) ATTRITION AND M/A UNEMPLOYMENT VS YEAR

ATTRITION

UNEMPLOYMENT
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Total Majors.
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SCATTERSLOT: LTCOL{GND) ATTRITION VS M/A UNEMPLOYMENT
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Figure A.4 Ground lieutenant Colonels.
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SCATTERPLOT: MAJOR(GND) ATTRITION VS M/A UNEMPLOYMENT
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Figuzre A.5 Ground Najors.
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SCATTERPLOT: CAPTAIN(GND) ATTRITION VS M/A UNEMPLOYMENT
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SCATTERPLOT: LIEUTENANT(GND) ATTRITION VS M/A UNEMPLOYMEN
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Pigure A.7 Grcund Lieutenants.
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. SCATTERPLOT: LTCOL(AVN) ATTRITION VS M/A UNEMPLOYMENT
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Figure 4.8 Aviation Lieutenant Colonels.
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AREENRIX B

GENERAL DIFPEREECING EQUATIONS

A. MCDEI EQUATIONS RBESULIING PFROM GENERAL DIFFERENCING

EEOCEIDUBRS.

1. Jisstenanpt grcupd.

Y= (W3 x .73)
uNt-1))

N
.

2. Gartain totajl.

= (<093 x .%3)
oNt-1))

3. pajer aviaticr.

§ = (.036 x .49)
oNt=1))

4. Pajer grcund.

y= (062 x ~.67)
uNt-1))

+ 4136 - 2.3941 x (UNt - (.23 x

+ 00“92 - 1.78“ X (Uﬂt - (.“S X

+ 281 - 2.677 x ( UNt - (~.67 x

60

., ':5"’\","\".‘"":' ’f"‘\f’;ﬁ’i"‘"" ~'»

s
PO
N

L

o
a9y




:,-.LIJ-M cantinaliata Lo e @i et Ml a¥ale ata P alata Vet sl dta" aT 808" 402" a¥, 3 ] < B A > ,"'.5
Y
! E. CCEEARISON OF ORIGIBAL o
1 Ip tke follouing table tke original models are coafosed
! uith the models resulting frcm general differencing. Model
o 1 statistics are frox the original Model while Model 2 indi-
A cates tbe general differencing model. As can Le se¢er all
sodels ixpxcve exceprt the Lieutenant ground amodel.
TABLE V1IiI
.ﬁ RESULTS OF GENEEAL DIFFERENCING
3 Rark/ccsy Mcdel &R F ta tk DE cv
Lt‘gnd) 1 056 6.2 6.0 -2.5 065 015 -.:
2 053 “.5 5-6 -201 1.70 032 ...3.:'-.L
Capt(tot) 1 .88 36 16 -6.0 .90 .0S 2
) .99 281 43 =17 2.60 .0z
. Major (av) 1 .60 7.6 5.2 -2.8 .71 .21 ]
) 2 <73 11 6.0 -3.3 2.33 .27 2
f Bajcr(gnd) 1 82 23 9.7 -4.8 2.89 .11 o
) <97 131 23 -11 2.78 .04 o
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The following figures show the prediction interval
diagrass fcx the models of all ranks and coaponente. As vas
expected frca the model data some of the models are poor
regarding¢ their variation in rredicted rates. On thcse
aodels wbere the prediction intervals are too large to be
shown withcut exranding the scale they are not shown. 1hcse
models ir which general differencing wvas used follow the
crxigiral mcdel.
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Figure C.2 Lieutenant Colonel Aviatioa.
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Figure C.3 Lieutenant Colonel Total.
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SCATTERPLOT: MAJOR(GND) ATTRITION VS M/A UNEMPLOYMENT

MAJOR ATTRITION
008

006

0.04

2

A A A e 4 4
0.020 0.024 0.028 0.032 0.036
1 MANAGERIAL/ADMINISTRATIVE UNEMPLOYMENT

Piguzre C.4 Bajor Ground.

| <

0.10

MAJOR GROUND ATTRITION

AN

é 0.020 o.éu 0.028 0.032 0.038
MANAGERIAL/ADMINISTRATIVE UNEMPLOYMENT

J

Pigure C.5 Bajor Ground/Using General Differencing.

-

i
5

Ay

¢z
ll.
PN s B
PRI

—.’.’?
()
o

AL

NS

A N e e e R

PR L - ) g )
R N a2 e 2 e A SR A



BRSNS U N 2 A AL N a0 B kDS I B SN L A et Bt B Rt e ik A ST IS B S o V-t Sty T Y e s ey o eV YIS oW oY,

A%
. e::"
.l ,}‘i\':?l
: s
SCATTERPLOT: MAJOR(AVN) ATTRITION VS M/A UNEMPLOYMENT I:",fﬂZ
3.
-. E o * ;‘::’..‘
< oo,
E BT
T '
.. ¢ .
L)
. 3 gl
o [-]
. g
g g}
A (-]
g L]
! a 9 4 i 4 3 I A L
t #1020 0.024 0.020 0.032 0.038
g MANAGERIAL /ADMINISTRATIVE UNEMPLOYMENT
) Figure C.6 Major aviation.
« MAJOR AVIATION(G/D)
2 . I
e o
3 8
. = 81
. g -]
«
3 z
. o
: <3}
- : o
8t
. b3 "
— o
o o
3: A s 2 e 1 4 1 I8 1 g
f' 0.020 0.02¢ 0.028 0.032 0.038
: MANAGERAL/ADMINISTRATIVE UNEMPLOYMENT
; Pigure C.7 Najor Air/Using General Differencing. )
r \ :.._ ;q
; A
. s
- e
; S
.:;.:_'
A
o, o
65 0
3 LA -E.
v
v, %,
ANy
;
3 N
3
v k“-‘

- e Bl Bl . - - - - - . N M.J - - - - - - - - - - - - »- - - - .-y - - e -, . - - - - - .- - L P TP - - - -y - - 0]
A GO N, (N N N N, A N o N G, N, O G K N R K R L, 3 N M NN 2, N



EICIA]

MEICRICHIGEN IAR S PR A I IR ML T LI RIS I AAC e IR et gt et Sy e A g g S A S S
]

.

-

SCATTERPLOT: MAJOR(TOT) ATTRITION VS M/A UNEMPLOYMENT

MAJOR ATTRITION

0.020 0.02¢ a.032 0.03%
nnuuzmn/uxnmnnmw:uuanununu

Pigure C.8 Bajor Total.

SCATTERPLOT: CAPTAIN(GND) ATTRITION VS M/A UNEMPLOYMENT
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Figure C.9 Captain Ground.
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